Comparative genomics and site-directed mutagenesis support the existence of only one input channel for protons in the C-family (cbb3 oxidase) of heme-copper oxygen reductases.
Oxygen reductase members of the heme-copper superfamily are terminal respiratory oxidases in mitochondria and many aerobic bacteria and archaea, coupling the reduction of molecular oxygen to water to the translocation of protons across the plasma membrane. The protons required for catalysis and pumping in the oxygen reductases are derived from the cytoplasmic side of the membrane, transferred via proton-conducting channels comprised of hydrogen bond chains containing internal water molecules along with polar amino acid side chains. Recent analyses identified eight oxygen reductase families in the superfamily: the A-, B-, C-, D-, E-, F-, G-, and H-families of oxygen reductases. Two proton input channels, the K-channel and the D-channel, are well established in the A-family of oxygen reductases (exemplified by the mitochondrial cytochrome c oxidases and by the respiratory oxidases from Rhodobacter sphaeroides and Paracoccus denitrificans). Each of these channels can be identified by the pattern of conserved polar amino acid residues within the protein. The C-family (cbb3 oxidases) is the second most abundant oxygen reductase family after the A-family, making up more than 20% of the sequences of the heme-copper superfamily. In this work, sequence analyses and structural modeling have been used to identify likely proton channels in the C-family. The pattern of conserved polar residues supports the presence of only one proton input channel, which is spatially analogous to the K-channel in the A-family. There is no pattern of conserved residues that could form a D-channel analogue or an alternative proton channel. The functional importance of the residues proposed to be part of the K-channel was tested by site-directed mutagenesis using the cbb3 oxidases from R. sphaeroides and Vibrio cholerae. Several of the residues proposed to be part of the putative K-channel had significantly reduced catalytic activity upon mutation: T219V, Y227F/Y228F, N293D, and Y321F. The data strongly suggest that in the C-family only one channel functions for the delivery of both catalytic and pumped protons. In addition, it is also proposed that a pair of acidic residues, which are totally conserved among the C-family, may be part of a proton-conducting exit channel for pumped protons. The residues homologous to these acidic amino acids are highly conserved in the cNOR family of nitric oxide reductases and have previously been implicated as part of a proton-conducting channel delivering protons from the periplasmic side of the membrane to the enzyme active site in the cNOR family. It is possible that the C-family contains a homologous proton-conducting channel that delivers pumped protons in the opposite direction, from the active site to the periplasm.